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博士学位論文内容要旨 
Abstract 
 
Many objects are floating on the sea surface and observed from shipboard. One is a jellyfish, and of the giant 
jellyfish recent blooms caused serious damage to fisheries around Japan. Floating marine plastic debris (FMPD) is 
also a global issue and its pollutions have potential impact on marine wildlife on the world’s oceans. Reliable 
information on d ensity and/or abundance is required to form for the management and conservation plan. Line 
transect sampling is the widely used methods to estimate the density of a biological population, e.g. cetaceans. 
Perpendicular distance (PD), distance from the detected target object to the transect line is measured in line transect 
survey. Detection function which expresses the probability to detect an object on perpendicular distance is estimated 
from the data, and effective search half width (ESHW) derived from the detection function is utilized to determine 
the survey area. In this process, it is assumed that all objects located on and/or very close to the transect line are 
surely detected. However, some of shipboard and aerial line transect surveys sometimes fail to satisfy the assumption. 
Furthermore, the detectability is usually expressed solely with the PD in conventional line transect analysis, but 
some other factors also affect the detectability; and therefore main factor other than PD affecting detection 
probability should be examined to avoid bias in density estimation. Several shipboard surveys for some jellyfish 
species and FMPD has been carried out, but no ESHW analysis approach was conducted.  
In this study, shipboard lines transect surveys of two marine floating objects; giant jellyfish Nemopilema nomurai 
and floating marine plastic debris (FMPD) were conducted on board the research/training vessel Umitaka-maru and 
Seiyo-maru (TUMSAT). This study attempted to apply line transect survey and analysis method to estimate density 
of the two marine floating objects. To improve the density estimation, a modification of the detection function was 
proposed with one additional parameter δ expressing proportion of detectable giant jellyfish within a threshold PD 
when the key assumption stated above was unsatisfied. ESHW analyses were conducted in consideration of 
variations in function parameters and of potential factors affecting the detectability. Post-stratification and multiple 
covariate distance sampling approaches were employed to evaluate factors affecting the detection function and to 
choose the best model by AIC model selection. 
In October 2009, we had an opportunity of visual counting for the giant jellyfish around Japan on board the 
research/training vessel Umitaka-maru (TUMSAT). From the obtained data, some of giant jellyfish were not 
detected within the 10m PD range, which violates the key assumption that all objects directly on and/or very close to 
the transect line must be detected with certainty. To take into consideration missed-detection of giant jellyfish in the 
close vicinity of the vessel, conventional detection functions were modified with added one more parameter δ 
expressing the proportion of detectable giant jellyfish within a threshold PD. Also, some covariate effects in the 
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detection process were investigated using post-stratification approach. According to the AIC model selection, the 
δ-modified hazard-rate detection function with parameters of σ common and δ variation (SCDV) in jellyfish body 
size was chosen as the best-fit one. The conventional function model overestimated the ESHW and therefore 
underestimated the density, compared with conventional one with left truncation process. The δ-modified model 
performed the analysis well without loss of left-truncated data, and provided better estimation of ESHW and density 
with the smaller coefficient of variation (CV) than the left truncation approach. The estimated values of δ and ESHW 
were 0.73 and 20.87m for large size giant jellyfish, and 0.53 and 18.87m for small size one. These suggested that 
27% and 47% of large- and small-sized giant jellyfish were undetected in the vicinity of vessel, and that larger size 
giant jellyfish can be detected farther away from the transect line than the small size one. A high density of large size 
giant jellyfish transported by the third branch of the Tsushima Current was found in the central of Japan Sea. Another 
high density of giant jellyfish passing through the Tsugaru Strait was observed off Iwate Prefecture. 
Shipboard line transect surveys of FMPD were conducted onboard the research vessel Seiyou-maru (TUMSAT) 
from April 2012 to July 2013 in Sagami Bay, Japan. Effects of some priori factors e.g. sea state, sun glare, weather, 
vessel speed, size and color of FMPD to the ESHW were investigated using multiple covariate distance sampling 
(MCDS) approach. The assumption of complete detectability on and/or very close to the transect line was satisfied 
because conventional function model provide smaller AIC value than the δ-modified function model. AIC model 
selection indicated that the hazard-rate function with covariates was better fitted to the PD distribution than the one 
without covariate. It implied that all priori covariates accounted for some part of variance in the detection probability 
as well as the PD. Of the covariates, items size was chosen as the most important factor. ESHW for large size items 
was 18.9 m, smaller than 14.6m for small one. Any additional factor with the item size did not improve AIC value.  
Floating marine plastic debris surveys were also conducted onboard the research/training vessel Umitaka-maru 
(TUMSAT), off the Pacific coastal of southwest Japan in September/October from 2004 to 2012. Factors affecting 
the δ-modified detection function were examined with post-stratification and multiple covariate method. In this study, 
we had data set with sample size of large enough to utilize post-stratification approaches. The δ-modified hazard-rate 
function was chosen as the best model by both of post-stratification and MCDS approaches. It was demonstrated that 
three factors, that is, year, sea surface glare and item size contributed to improve the fitness to the data. The results 
suggested that the larger-size items under low glare condition have greater chances to be detected farther away from 
the transect line.  
Shipboard line transect survey is available and useful to estimate density of floating marine objects. This study 
proposed the new δ-modified detection functions and demonstrated that it is superior to the conventional left 
truncation method. The advantage of using additional parameter δ is not only relaxation of the key assumption that 
all of object must be detected on and/or very close to the transect line, but also avoidance of left-truncated data loss 
to provide better ESHW and density estimation with the smaller CV. The analysis method with the δ-modified 
detection function is applicable to aerial survey and others as well as shipboard survey. It was demonstrated that the 
hazard-rate model was the best for objects floating still on or very close to the sea surface. Both of post-stratification 
and MCDS methods provide the similar results from the large data-set for two marine floating objects obtained in 
this study. Incorporating factors on the detection function provided better ESHW estimates than the one with the PD 
only. Item size is the most important factor affecting the detection probability and therefore it should be considered 
in the transect survey for floating marine objects. 
